Al-Cu BONDED STRUCTURE AND METHOD FOR MAKING THE SAME 

CROSS-REFERENCE TO RELATED APPLICATION 

5 This application is a Continuation of International Patent Application Serial No. 

PCT/JP03/10324 filed August 13, 2003. 

FIELD OF THE INVENTION 

The present invention relates to a thin bonded structure of an aluminum or 
10 aluminum alloy ("Al (aluminum)") component and a copper or copper alloy ("Cu 
(copper)") component and a method for making the same. 

BACKGROUND OF THE INVENTION 

Superior heat transfer properties and light weight are desirable in heat exchangers, 
15 heat dissipaters, heat pipes, heat sinks, and the like, which are used in electronic devices, 
communication devices, and transportation devices such as automobiles and aircraft. While 
Cu (copper) has good heat transfer and heat diffusion properties, Al (aluminum) is widely 
used for heat exchangers and heat transfer materials because of its light weight and heat 
transfer properties that are almost as good as those of Cu. 
20 More specifically, improvements for enhancing heat transfer properties have been 
developed for Al heat exchangers used in electronic devices by enlarging the cooling area, 
increasing the material thickness, and the like. However, with the significant demands 
made in the electronic device field regarding compactness, thin design, light weight, and 
high performance, there is a limit to enhance the heat transfer properties obtainable from 
25 these improvements. 

Such being the case, there is a demand for an Al-Cu bonded structure that combines 
the superior heat transfer properties of Cu with the light weight of Al to provide heat 
transfer properties that exceed those of Al while keeping weight increases at or below that 
ofCu. 
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Conventionally, many different methods for dissimilar metal bonding of Al and Cu 
have been investigated, e.g., solid-phase bonding methods such as friction welding and 
explosive bonding, and diffusion bonding. Some of these bonding methods have been 
implemented practically. With these bonding methods, however, the bonding of large areas 
5 or complex shapes is difficult, and there are restrictions on the shape and dimensions of 
component to be bonded whilst implementation for precision parts, e.g., electronic devices, 
is difficult. 

Brazing is a technology that has been in wide use for a long time as a method for 
bonding metals. Because of its simplicity and the degree of freedom that is offers for the 

10 materials that can be used, the method can be easily applied to precision parts. Since it is 
expected that there will be a demand for lower-cost processing of precision parts, the 
application of brazing in bonding Al and Cu is being studied. 

Fig. 1 shows a schematic illustration of a representative bonded interlayer where Al 
and Cu are directly brazed using an Al-Si-Mg-Bi-based brazing sheet. The brazing 

15 conditions in this case are as follows: an Al-Si-Mg-Bi-based brazing sheet is used; the 
brazing temperature is 803 K (530 deg C), and the brazing time is 60 sec. 

As the figure shows, the Al-Cu bond shows the formation of two intermetallic 
compounds: a layered 8 phase and a B phase of irregular form. Both of these are Al-Cu 
intermetallic compounds. 

20 In order to clarify the properties of the Al-Cu bonded interlayer, the hardnesses of 

the Al base material, the Cu base material, and the intermetallic compound were measured. 
It was found that, while both based material Al and the Cu base material had a hardness of 
no more than Hv 100, intermetallic compounds (the layered 5 phase and the 6 phase of 
irregular form) had of Hv 480 - 620, which is considerably harder than base materials, 

25 implying brittle structure. 

The results of a shear fracture test of the brazed joints indicated that the bond was 
brittle with regard to fractures mechanism while this was accompanied by almost no 
deformation in the base material. More specifically, deformation took place at the bonded 
interlayer, with the shear strength of the brazing joints being up to approximately 12.5 Mpa, 
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while is considerably lower than the shear strength of 65 Mpa of the Al base material 
(industrial pure Al). 

Thus, in the brazing joints where Al and Cu are directly bonded, the strength of the 
joints is determined by the strength of the intermetallic compound layer formed at the 
5 bonded interlayer. This results in a brittle fracture mechanism that limits the strength of 
brazing joints. For this reason, a structure in which Al and Cu are directly brazed cannot be 
used in the heat exchangers, heat dissipators, heat pipes, heat sinks, and the like described 
above. 

Thus, at the bonded interlayer where Al and Cu are directly brazed, a 5 phase and a 
10 0 phase are formed being made of Al and Cu, as two types of intermetallic compounds 
with extreme hardness, and their strengths and structural morphology affect the strength of 
the brazing joints. 

In order to improve the strength of the Al-Cu brazing joints, brazing tests were 
performed using various metals as an insert material, and it was found that the strength of 

15 brazing joints could be best achieved when Ag is used as insert material. More specifically, 
by inserting Ag into the Al-Cu bonding interface, the creation of intermetallic compounds 
due to the direct reaction of Al and Cu could be restricted, thus improving bonding strength. 

Based on observations such as this, the present inventors first proposed an invention 
relating to "a method and structure for bonding an Al component and a Cu component in 

20 which, when an Al component and a Cu component are bonded, a metal layer, more 
specifically an Ag layer, is formed on the bonding interface of the Cu component, and this 
Ag layer and the bonding interface of the Al component are brazed" (see Japanese patent 
application number 2002-321 182). 

Fig. 2 is a schematic illustration showing a representative structure of a dissimilar 

25 material bonded interlayer that uses an Al-Si brazing sheet, and that Ag is inserted into the 
Al-Cu bond interface as an insert material. The brazing conditions are as follows: an Al-Si- 
Mg-Bi-based brazing sheet is used; the brazing temperature is 823 K (550 deg C), the 
brazing time is 600 sec. 
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According to an equilibrium diagram of the Ag-Cu binary system, this combination 
is a standard eutectic reaction system. Intermetallic compounds are not created over the 
entire composition range, and the eutectic temperature is as high as 1052 K (779 deg C). As 
a result, the Cu-Ag interlayer does not exhibit structural changes, and there are no Al or Cu 
5 reactions or its derivative intermetallic compounds. 

The zone where Ag-brazing sheet bonded interlayer shows complex morphology, 
and is divided into four regions, as shown in the schematic illustration in Fig. 2. Region I 
having an irregular form is generated on the reaction boundary between the brazing sheet 
and Ag, and Region II , formed as agglomerations, is found within this Region I . Region 
10 III is formed in Region IV as a lacy plate grown toward the brazing sheet side from Region 
I . 

The results of X-ray analysis indicates that Region I and Region IHare the Al-Ag 
intermetallic compounds Ag2Al. Also, Region II is Si in the brazing sheet, and Region IV 
is Al. 

15 Testing the hardness of the intermetallic compound shows that Ag2Al has a 

hardness of approximately Hv 300, which is softer than the 6 and 6 phases shown in Fig. 
1 . A tensile test of the brazing joints shows ductile fracture of the Al base material, with the 
tensile strength of the brazing joints being similar to that of the Al base material. Thus, 
compared to the direct brazing of Al-Cu, the strength is significantly improved. 

20 Thus, by using Ag as an insert material in an Al-Cu bonding interface and forming a 

brazing joints, the remained Ag obstructs direct reaction between Al and Cu. As a result, 
the formation of the harmful intermetallic compound can be prevented. Also, since Ag2Al, 
which is formed as an intermetallic compound, is relatively soft and is dispersed in a lacy 
manner in the Al matrix, the Ag-Al bonded interlayer shown in Fig. 2 is able to provide 

25 superior bonding characteristics. 

When using Ag as an insert material in the Al-Cu bonding interface, however, the 
strength of brazing joints may not be stable depending on the brazing conditions. A brazing 
test was performed in which the brazing temperature was varied over the range of 793 K 
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(520 deg C) - 843 K (570 deg C) and the brazing time was varied over the range of 60 - 
3600 sec. The brazing condition of test pieces under these conditions were visually 
inspected. 

Fig. 3 shows the results from visual inspections of test pieces brazed using the 
5 above conditions with Ag used as an insert material. In this figure, " X " indicates poor 
brazing due to inadequate formation of a liquid phase; "A" indicates partial formation of a 
liquid phase; "O" indicates good brazing with adequate liquid phase formation; and "□" 
indicates prominent fusing of the Al base material due to excessive liquid phase. 

Based on the results shown in Fig. 3, there is a limited range of brazing conditions 
10 that provide good brazing. To providing consistent, stable bonding characteristics, it is 
important that the brazing temperature is set up in an appropriate range and an appropriate 
brazing time is set up. 

As described above, the trend in the electronics device industry toward designs that 
are compact, thin, and light-weight and provide high performance leads to a demand for 
15 flexibility in design for various types of heat exchangers and heat transferring devices, 
since these can be used for precision parts. 

The flexibility of design demanded of heat exchangers and heat transfer devices is 
not limited to dimensional accuracy of devices but also includes the flexibility in setting 
dimensions to accommodate the diversity in dimensions used by devices. Thus, with the 
20 Al-Cu bonded structure described above, there is a demand for superior flexibility in design. 

As described above, in order to provide adequate strength of Al-Cu brazing joints, 
an innovative invention has been developed to provide an Al-Cu bonded structure and 
method for making the same in which Ag is used as an insert material. However, producing 
this Al-Cu bonded structure in a stable manner for wide use in heat exchangers and heat 
25 transfer devices requires solving a number of problems. 

The first problem is that when performing Al-Cu brazing, stable bonding 
characteristics (tensile strength of brazing joints, deformation behavior) must always be 
maintained. The second problem is the need to provide superior dimensional accuracy to 
accommodate the dimension characteristics required in heat exchangers and heat transfer 



5 



devices, and to provide flexibility in dimensions to accommodate the increasing diversity in 
dimensions. 

SUMMARY OF THE INVENTION 

5 The object of the present invention is to overcome these problems in Al-Cu bonded 

structures and to provide an Al-Cu bonded structure and method for making the same 
wherein appropriate brazing conditions are selected when brazing so that stable bond 
characteristics are achieved, a component formed with an Al-Cu dissimilar material bonded 
interlayer having superior workability is obtained, superior dimension characteristics are 

10 obtained by performing rolling, and the light weight of . Al and the heat transfer, heat 
dissipation, Cu can be combined. 

The present invention relates to a thin bonded structure of an aluminum or 
aluminum alloy (referred collectively as "Al (aluminum)") component and a copper or 
copper alloy (referred collectively as "Cu (copper)") component and a method for making 

1 5 the same. 

More specifically, the present invention relates to an Al-Cu bonded structure and a 
method for making the same wherein, when performing brazing using silver or silver alloy 
(Referred collectively as "Ag") as an insert material in the bonding interface between the Al 
component and the Cu component, the brazing conditions are selected appropriately so that 
20 a structure with strong bonding strength and ductile deformation behavior is provided. 

Furthermore, the present invention also relates to an Al-Cu bonded structure and 
method for making the same wherein superior dimension characteristics can be provided by 
performing rolling or, more preferably, hot rolling, on the resulting Al-Cu bonded structure. 

That is, various implementations of the present invention directed to the "first Al-Cu 
25 bonded structure" and the "second (thin) Al-Cu bonded structure" and the methods of 
making the same are described below. 

1. "First Al-Cu bonded structure" and method of making the same 
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(1) In a brazed bonded structure, using Ag as an insert material on a bonding 
interface between an Al component and a Cu component, an Ag layer remains on the 
bonding interface between the Al component and the Cu component after brazing. 

(2) In a method of making an Al-Cu bonded structure, when brazing an Al 
5 component and a Cu component, Ag is used as an insert material on a bonding interface 

thereof, with a layer of the Ag being made to remain between the components. 

(3) In a method for making an Al-Cu bonded structure, when brazing an Al 
component and a Cu component, Ag is used as an insert material on a bonding interface 
thereof, brazing is performed at a temperature of more than 813 K (540 deg C), and a layer 

10 of the Ag is made to remain between the components. 

In the method of making an Al-Cu bonded structure as described in (3), it would be 
preferable, when the insert material has a thickness of 100 microns, for the brazing to be 
performed at a temperature of 823 K +/- 5K (550 deg C +/- 5 deg C) with a brazing time of 
no more than 1 800 sec. 

15 Furthermore, in (1) - (3) above, it would be preferable for the remaining Ag layer to 

have a thickness of 10 m m or more. 

2. "Second Al-Cu bonded structure and method for making the same 

The "second Al-Cu bonded structure" is the "first Al-Cu bonded structure" of the 
20 present invention upon which a wall thinning work is performed. In order to distinguish it 
from the "first Al-Cu bonded structure", it will be referred to as the "thin Al-Cu bonded 
structure". 

(1) A brazed joints component is rolled to produce a thin Al-Cu bonded structure. 
The brazed joints component has Ag as an insert material in a contact interface of an Al 
25 component and a Cu component. 

In the thin Al-Cu bonded structure, it would be preferable for the thickness to be 
0.1 mm or more and to perform wall-thickness reduction of the brazed joints component 
through hot rolling. 
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(2) With regard to a method of making a thin Al-Cu bonded structure, rolling is 
performed on a brazed joints component in which Ag is used as an insert material in a 
contact interface between an Al component and a Cu component. 

In this method of making a thin Al-Cu bonded structure, it would be preferable to 
5 perform hot rolling at 623 K - 773 K (350 deg C - 550 deg C), to perform hot rolling 
repeatedly with a reduction of 20% +/- 10% at each rolling, and to perform annealing after 
finishing hot rolling. 

The above, and other objects, features and advantages of the present invention will 
become apparent from the following description read in conjunction with the 
10 accompanying drawings, in which like reference numerals designate the same elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic illustration showing a representative structure of a bonded 
interlayer where Al and Cu are directly brazed with an Al-Si-based brazing sheet. 
15 Fig. 2 is a schematic illustration showing a representative structure of a bonded 

interlayer where Ag is used as an insert material in an Al-Cu bonding interface and an Al- 
Si-Mg-Bi-based brazing sheet is used. 

Fig. 3 is a drawing showing the results of a visual inspection of test pieces in which 
brazing was performed with an Ag insert where the brazing temperature was 793 - 843 K 
20 (520 - 570 deg C) and the brazing time was 60 - 3600 sec. 

Fig. 4 is a drawing showing the relationship between tensile strength of the brazing 
joints and brazing time with different brazing temperatures (813 - 830 K (540 - 557 deg C). 

Fig. 5 is a drawing showing the relationship between brazing time and the width of 
residual Ag layer as well as the brazing time and the tensile strength of the brazing joints, 
25 when the brazing temperature is 8 1 8 K (545 deg C) and 823 K (550 deg C). 

Fig. 6 is a drawing showing the relationship between the width of residual Ag layer 
and the tensile section of the brazing joints when the brazing temperature is 818 K (545 deg 
C) and 823 K (550 deg C). 



Fig. 7 is a SEM image of bonded interlayer after the structure has been finished 
through hot rolling to a thickness of 0.8 mm. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 A "first Al-Cu bonded structure" and method for making the same and a "thin Al-Cu 

bonded structure" and method for making the same will be described below. 

In the descriptions below, Al refers to pure Al or Al alloys in general and Cu refers 
to pure Cu or Cu alloys in general. The Ag used as an insert material refers to pure Ag or 
Ag alloys in general. 

10 The "brazing" used in the present invention does not involve special restricted 

conditions and can be any method generally used to form an Al-Ag bond. To form Ag2Al, 
an Al-Ag intermetallic compound, at the brazed bond in a stable manner, it would be 
preferable to use an Al-Si-based brazing sheet, and it would especially be preferable to use 
an Al-Si-Mg-Bi-based alloy brazing sheet. 

15 The "rolling" used in the present invention does not involve restrictions in the 

rolling equipment, the rolling conditions, or the like, and can be a conventional rolling 
method commonly used for Al rolling such as cold rolling or hot rolling. 

1 . "First Al-Cu bonded structure" and method for making the same 
20 Out of the objects described above, the object of the "first Al-Cu bonded structure" 

is to provide stable bond characteristics (tensile strength, deformation behavior of the bond) 

in an Al-Cu brazing joints. 

In order to achieve this object, the present inventors performed Al-Cu brazing using 

Ag as an insert material under various conditions and performed a detailed survey of the 
25 relationship between brazing conditions and the strength of brazing joints. 

Fig. 4, which illustrates an embodiment described later, shows the relationship 

between the tensile strength of brazing joints and brazing time for different brazing 

temperatures. As the figure shows, a brazing temperature of 813 K (540 deg C) provides 

insufficient liquid phase formation, resulting in inadequate brazing. This leads to brittle 
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fractures accompanied by almost no deformation of the base materials and also leads to 
very low tensile strength values. 

When the brazing temperature is 818 K (545 deg C) and 823 K (550 deg C) with 
longer brazing time, Al diffuses as brazing time elapses so that the Ag layer is reduced, thus 
5 residual Ag layer. As a result, direct Al-Cu reaction takes place, drastically reducing tensile 
strength. 

Based on these results, attention was paid to the dependency on the remaining Ag 
layer of the strength of brazing joints and deformation behavior of the brazing joints, 
making clear the importance of using appropriate brazing temperature ranges to provide 
10 adequate liquid phase and good brazing as well as setting the brazing time so that the initial 
Ag layer is not diminished. 

The "first Al-Cu bonded structure" of the present invention based on this focus is a 
brazed bonded structure characterized by the use of Ag as an insert material in the bonding 
interface between the Al component and the Cu component, with the Ag layer remaining on 
1 5 the bond interface after brazing. The requirement for an Ag layer to remain in the Al-Cu 
bond interface is based on the following reasons. 

First, leaving an Ag layer in the brazed Al-Cu bond interface obstructs direct Al-Cu 
reaction and restricts the creation of 8 and 0 phases, which are harmful Al-Cu 
intermetallic compounds. 
20 Second, leaving an Ag layer at the Al-Cu bonded interlayer promotes and maintains 

the lacy formation of the Ag-Al intermetallic compound Ag2AL 

Intermetallic compounds are generally brittle, and, in terms of hardness, Ag2Al 
would be expected to have low strength, like 6 and 6 phases, which are Al-Cu 
intermetallic compounds. However, Ag2Al forms in a lacy dispersed manner in the 
25 surrounding Al so that even the local fracture does not immediately lead to overall fracture 
and instead leads to ductile deformation behavior by surrounding Al. Thus, the strength of 
brazing joints has a strength similar to that of the Al base material. 

In the first Al-Cu bonded structure of the present invention, it would be preferable 
to have the thickness of the remaining layer be 10 \i m or more in order to keep this role of 
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the Ag layer. On the other hand, as long as direct reaction between Al and Cu can be 
prevented, the thickness of the Ag layer does not affect the region in which the Al-Ag 
intermetallic compound Ag2Al is formed. Thus, the thickness of the Ag layer does not 
directly affect the strength of brazing joints. As a result, there is no restriction in the 
5 present invention in terms of the upper limit of the thickness of the Ag layer. 

In the method of making the present invention, the brazing temperature must be set 
to an appropriate range and the brazing time must be set so that the residual Ag layer is not 
diminished during the time which the brazing temperature is maintained. 

For this appropriate brazing temperature, a temperature is selected that allows 
10 adequate formation of liquid phase at the bond section so that good brazing is provided. 
Furthermore, since there is reduction due to the diffusion of Al as brazing time elapses, the 
brazing time is selected that allows a predetermined Ag layer thickness to be left. 

The tensile strength of brazing joints is dependent on the region in the brazed 
section where the lacy Ag2Al is formed. The tensile strength is roughly fixed regardless of 
15 the width of the residual Ag layer. However, if the brazing time is inappropriate and the 
residual Ag layer is removed, tensile strength is rapidly reduced due to direct Al-Cu 
reaction. 

When an Al-Si-based brazing sheet is used in the method for making the present 
invention, the brazing temperature must exceed 813 K (540 deg C). For example, when an 

20 Al-10Si-1.5Mg-0.1Bi-based alloy resin is used, the solidus temperature is 832K (559 deg 
C) and the liquidus temperature is 864 K (591 deg C), and the Ag diffuses into the brazing 
sheet during the initial stage of brazing, leading to a reduced melting point of the brazing 
sheet. Even taking this drop in the melting point of the brazing sheet into account, a brazing 
temperature of 813 K (540 deg C) or less will lead to inadequate liquid phase, preventing 

25 the brazing from proceeding. 

According to the method for making the present invention, it would be preferable to 
use a brazing temperature of 823 K +/- 5 K (550 deg C +/- 5 deg C). If the brazing 
temperature is less than the lower limit of this temperature range, an adequate liquid phase 
is not created and brazing does not proceed, as described above. If, on the other hand, the 
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brazing temperature exceeds the upper limit of this temperature range, the melting of Al 
base material becomes pronounced so that the shape of the structure cannot be maintained. 

In the method for making the present invention described above, for an insert 
material thickness of 100 microns, the brazing temperature is set to 823 K +/- 5 K (550 deg 
5 C +/- 5 deg C) and the brazing time is set to 1800 sec or less. There is partial melting of the 
initial Ag layer due to its reacting with the brazing sheet and there is reduction as brazing 
time elapses, so the brazing time is limited so that a predetermined Ag layer thickness 
remains. 

This limit to the brazing time is affected by the thickness of the initial Ag layer that 
10 is inserted. Thus, when the inserted initial Ag layer is thick enough, there is no limit to the 
brazing time as long as an Ag layer can remain at the bonded interlayer. 

To determine brazing conditions in practical implementations, brazing time must be 
set according to the size of the product so that the entire bond section can be heated to a 
uniform brazing temperature. The conditions must be set so that the residual Ag layer does 
1 5 not disappear, and the thickness of the initial Ag layer must be increased if necessary. 

Embodiment 1-1 

The advantages of the Al-Cu bonded structure and the method for making the same 
according to the present invention will be described using a specific implementation as an 
20 example. 

(1) Test material and test method 

The Al base material used in this embodiment is commercially available, industrial- 
use pure Al (A1050). The brazing sheet is a commercially Al-10Si-1.5Mg-0.1Bi-based 
25 alloy foil (4104-equivalent, solidus temperature: 832 K (559 deg C), liquidus temperature: 
864 K (591 deg C), thickness: 100 microns). Ag used as the insert material is a pure silver 
foil (99.99% purity), which is clad to oxygen-free copper (CI 020) and is commercially 
available as an Ag-clad Cu plate (Ag thickness: 100 microns, Cu thickness: 3 mm). 
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The brazing of the test pieces is performed with a high-temperature vacuum furnace 
using a resistance heater, with two types of test pieces being used: a crosslap joint test piece 
and an axial tension test piece. With the axial tension test piece, a 30 mm square Ag-clad 
Cu plate and a 28 mm diameter round Al bar are layered, interposed by brazing sheet, and 
5 brazed. This is then machined to predetermined dimensions, secured with bolts to a 
stainless steel dedicated tool, and put through a tensile test. 

Brazing is performed under the following conditions: a spring applies an initial load 
of 0.1 Mpa; the vacuum in the furnace is maintained at 0.3 - 0.4 mPa; the brazing 
temperature is 813 K - 830 K (540 deg C - 557 deg C); and the brazing time is 60 - 3600 
10 sec. 

The tensile test for the brazing joints is a static tensile test using an autograph. The 
velocity of the crosshead is 8.3 x 10 A -2mm/sec. 

(2) Test results of the brazing 

15 Fig. 4 shows the relationship between tensile strength of the brazing joints and 

brazing time for different brazing temperatures (813 - 830 K (540 - 557 deg C)). At a 
brazing temperature of 813 K (540 deg C), brittle fractures accompanied by almost no base 
material deformation took place for all brazing time, with the fracture sites all being at the 
bond section. The tensile strength was very low, averaging at approximately 15 Mpa. The 

20 bond section did not form adequate liquid phase, preventing brazing. 

At brazing temperatures of 818 K (545 deg C) and 823 K (550 deg C), for brazing 
time of 1800 sec or less, the tensile strength of the brazing joints increased to that of the Al 
base material, 65 Mpa, with fracture taking place at the Al base material. Also, there was 
significant base material deformation up to the point of fracture, demonstrating ductile 

25 deformation behavior. 

However, even at brazing temperatures of 818 K (545 deg C) and 823 K (550 deg 
C), if the brazing temperature was set to 3600 sec, the tensile strength rapidly decreased. 
This is because the residual Ag layer disappeared as the brazing time elapsed, leading to 
direct reaction between the Al and Cu. 
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At a brazing temperature of 830 K (557 deg C), data is only available for a brazing 
time of 60 sec. This is because longer brazing time led to excessive melting of the Al base 
material, preventing the shape of the test piece from being maintained. In this case, brittle 
deformation behavior not accompanied by deformation of the base material was seen, and 
5 the fracture site was at the bond section. 

Fig. 5 shows the relationship between the brazing time and the tensile strength of 
brazing joints and the relationship between the brazing time and the width of residual Ag 
layer for brazing temperatures of 818 K (545 deg C) and 823 K (550 deg C). In the figure, 
the relationship between brazing time and tensile strength of brazing joints is indicated by 
10 open circles and open triangles, while the relationship between brazing time and residual 
Ag layer thickness is indicated by solid circles and solid triangles. 

As described above, there is partial melting of the initial Ag layer due to its reaction 
with the brazing sheet. This is followed by diminishing due to Al diffusion as brazing time 
elapses. This is why when the brazing time exceeds 3000 sec, the remaining Ag layer 
15 disappears, causing the Al and Cu to directly react and suddenly lowering the strength of 
brazing joints. 

Fig. 6 shows the relationship between the width of residual Ag layer and the tensile 
strength of brazing joints when the brazing temperature is 818 K (545 deg C) and 823 K 
(550 deg C). Within the bended interlayer containing the lacy layer (Ag2Al), the tensile 
20 strength of brazing joints stays fixed regardless of the thickness of the residual Ag layer, 
but if the residual Ag layer thickness becomes less thanlO microns and disappears, there is 
direct reaction between the Al and the Cu, resulting in a significant drop in the tensile 
strength. 

With the method for making the Al-Cu bonded structure of the present invention as 
25 described above, an Ag layer can be effectively kept in the Al-Cu bond interface so that a 
tensile strength similar to that of the base material A can be obtained and superior bonding 
properties can be provided. 

1-2. Advantages of invention 
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In the method for making the first Al-Cu bonded structure of the present invention, 
an appropriate brazing temperature is maintained for an appropriate duration, allowing an 
Ag layer to remain in the Al-Cu bond interface effectively. The resulting Al-Cu bonded 
structure then exhibits ductile deformation behavior, the tensile strength of brazing joints is 
5 similar to that of Al base material, and superior bond characteristics can be provided. 

2. "Thin Al-Cu bonded structure" and method for making the same 

Out of the objects of the invention described above, the thin Al-Cu bonded structure 

of the present invention accommodates the dimensional characteristics demanded in heat 
10 exchangers and heat transfer devices, providing superior dimensional precision and 

flexibility to handle diverse dimensions. 

As shown in Fig. 2, when Al-Si-based brazing sheet is used for brazing, inserting 

Ag as an insert material in the Al-Cu bond interface to form a bonded interlayer results in 

the initial Ag at the brazed section remaining and providing advantages for workability of 
1 5 the Al-Cu bond component. 

When a shear fracture test of the brazed bond section is performed, the observed 

deformation behavior is ductile fracture in the Al region. The tensile strength of the bond 

section is similar to that of the Al base material, with the strength being dramatically 

improved compared to direct Al-Cu brazing. 
20 When brazing is performed using Ag as an insert material in the Al-Cu bond 

interface, the strength and deformation behavior of the brazed bond are similar to those of 

the Al base material. Furthermore, ductile facture takes place primarily in the Al base 

material region. 

In order to provide the dimensional characteristics suited for compact, thin, light- 
25 weight, and high-performance electronic devices, the use of cold or hot rolling to reduce 
wall-thickness is effective. 

More specifically, applying cold or hot rolling makes it possible to obtain 
predetermined dimensional accuracy. Furthermore, predetermined machine dimensions can 
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be achieved by using processing settings appropriate to the final target dimensions needed. 

As a result, dimensions can be set according to what is needed. 

The deformation behavior of the Al-Cu bonded component shown in Fig. 2 is 

similar to that of the Al base material, and ductile facture takes place primarily in the Al 
5 base material region. Thus, conventional Al rolling can be applied to this Al-Cu bonded 

component, making it possible to produce an Al-Cu bonded structure having superior 

dimensional characteristics. 

In the rolling of the Al-Cu bonded component, it becomes important to limit 

reduction of deformability due to work hardening and the like and to limit growth of 
10 intermetallic compounds at the bonded interlayer. When reducing wall-thickness through 

cold rolling, the growth of intermetallic compounds can be prevented but the deformability 

of the component is reduced due to work hardening, making it difficult to achieve adequate 

wall-thickness reduction. As a result, it is necessary to recover from the reduced 

deformability due to work hardening and the like by applying heat treatment for each cold 
15 rolling. 

In contrast, if hot rolling can be implemented within a temperature range that 
prevents growth of intermetallic compounds while not reducing the deformability, there is 
no need to apply heat treatment after each processing operation. Because of this, when 
rolling the Al-Cu bond component, it would be preferable to perform wall-thickness 
20 reduction by performing hot rolling. 

The "thin Al-Cu bonded structure" of the present invention was developed based on 
the above observations and relates to an Al-Cu bonded structure made by forming an Al-Cu 
bonded component and reducing its wall-thickness by rolling the component. The details of 
the invention will be described below in terms of the workability of the Al-Cu bonded 
25 component and the rolling of the component. 

(1) Workability of the Al-Cu bonded component 

The workability of the Al-Cu bonded component is derived from the Ag layer that 
remains at the brazed section when bonding is performed by using Ag as an insert material 
in the Al-Cu bonding interface. 
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More specifically, by leaving an Ag layer at the brazed Al-Cu bond, direct Al-Cu 
reaction is obstructed, preventing the formation of delta phase and theta phase, which are 
harmful Al-Cu intermetallic compounds. 

Also, leaving an Ag layer at the start of the brazing reaction promotes and maintains 
5 the formation of a lacy Ag2Al, which is an Ag-Al intermetallic compounds. This Ag2Al is 
dispersed as a lacy pattern in the surrounding Al so that destruction of one section does not 
immediately lead to the destruction of the entire structure. This provides ductile 
deformation based on the ductile deformation behavior of the surrounding Al. 

Furthermore, Ag2Al, which is an Ag-Al intermetallic compound, also affects the 
1 0 stress distribution at the bonding section. According to the analysis of the present inventors, 
at the direct Al-Cu bonding section, the maximum primary stress concentration is generated 
within d phase in response to tensile load. 

In the bonding section involving the Ag insert shown in Fig. 2, the maximum 
primary stress concentration is generated at the intersections of the Ag2Al mesh. As a result, 
15 there is particularly no prominent stress concentration in the surrounding Al, leading to a 
roughly uniform stress distribution. 

Because of this, a comparison of the deformation behavior in these two structures 
shows that in the Al-Cu direct bond shown in Fig. 1, the application of tensile load causes 
fracture at the maximum primary stress concentration generated in 6 phase. This fracture 
20 propagates instantaneously. 

In contrast, with the bond shown in Fig. 2, i.e., the bond where Ag is used as an 
insert material in the Al-Cu bonding interface, application of a similar tensile load leads to 
stress concentration in the Ag2Al formed lacy in Region IE. Even if localized fracture takes 
place, however, this does not lead to instantaneous destruction. The tensile load is instead 
25 borne by surrounding Al, leading to ductile deformation. 

Fig. 4 shows the relationship between tensile strength of the Al-Cu bonded 
component and brazing time using the brazing temperature as a parameter. The brazing 
temperature is varied over the range 813 K - 830 K (540 deg C - 557 deg C). 
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As described above, an adequate liquid phase is not generated at the bonding section 
with a brazing temperature of 813 K (540 deg C), preventing brazing. Thus, the structure 
exhibited brittle fracture with almost no base material deformation regardless of the brazing 
duration. Furthermore, the fracture all took place at the brazed section, with the tensile 
5 strength being very low at an average of approximately 1 5 Mpa. 

With a brazing temperature of 830 K (557 deg C), there was significant melting of 
the Al base material, resulting in brittle deformation of the bonded section not accompanied 
by deformation in the base material. The fracture took place at the bonded section. 

In contrast, with the brazing temperature at 818 K (545 deg C) and 823 K (550 deg 
10 C), brazing time of 1800 sec or less resulted in an increase in the tensile strength of brazing 
joints to 65 Mpa, which is the tensile strength of the Al base material. Fracture took place at 
the Al base material. Also, there was significant base material deformation leading up to the 
fracture, with fracture taking place after there was ductile deformation. 

Thus, with brazed bonded components in which Ag is used as an insert material in 
1 5 the bonding interface of the Al component and the Cu component, an effective Ag layer can 
be left in the Al-Cu bonding interface by setting an appropriate brazing temperature range 
along with an appropriate time over which the temperature is maintained. This makes it 
possible to provide ductile deformation with the strength of the bonding section being 
similar to that of the Al base material. Since superior workability is given, the structure can 
20 undergo rolling. 

(2) Rolling of the Al-Cu bonded component 

In the method for making the present invention, cold or hot rolling is performed to 
reduce wall-thickness of the Al-Cu bonded component. If hot rolling is performed at a 
25 temperature range that allows the reduced mechanical characteristics of Al to be restored, 
the application of heat treatment at each rolling step to restore reduced strength becomes 
unnecessary. 
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For this reason, it would be preferable to use hot rolling for the rolling process in 
the present invention, but it is necessary to set the processing temperature to be not higher 
than a temperature that prevents growth of intermetallic compounds at the bonding section. 

In the method for making the present invention, it would be preferable to perform 
5 processing at 623 K (350 deg C) - 773 K (500 deg C) so that hot rolling can be performed 
repeatedly in a stable manner. If the processing temperature is less than 623 K (350 deg C), 
the reduced deformability prevents adequate recovery, requiring heat treatment to be 
performed anew. 

It would be preferable to set the upper limit of the processing temperature to 773 K 

10 (500 deg C). If rolling is performed at a temperature beyond 773 K (500 deg C), the 
resulting increase in growth of the first phase shown in Fig. 2 can lead to sudden reduction 
in the thickness of the Ag layer, with repeated rolling resulting in the Ag layer disappearing 
altogether. This makes it possible for harmful Al-Cu intermetallic compounds to be formed 
from the direction reaction between Al and Cu. 

15 In the method for making the present invention, the thickness of the rolled Al-Cu 

bonded structure can be set as low as 0.1 mm in order to provide suitable dimensions. In 
such cases, the processing schedule for the rolling operations is set up according to the final 
target dimension. If hot rolling is to be performed repeatedly, it would be preferable to set 
the reduction to 20%+/- 10%, where the reduction rate (Rd) is the pre-processing thickness - 

20 post-processing thickness) / (pre-processing thickness before rolling) x 100%. 

Furthermore, in the method for making the present invention, it would be preferable 
to perform annealing after the finishing rolling operation. This is to restore the mechanical 
characteristics of the Al that were reduced by the rolling operations as well as to restore the 
mechanical characteristics of the thin Al-Cu bonded structure and to provide stable strength. 

25 For the annealing performed after the finish of rolling operation, 400 deg C x 30 minutes is 
the reference. 

In the thin Al-Cu bonded structure of the present invention, rolling is performed on 
the Al-Cu bonded component as described above. This provides superior dimensional 
precision and allows flexible handling of diverse dimensions. Furthermore, the light weight 
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of Al can be combined with the thermal transmission, thermal diffusion, and corrosion 
resistance characteristics of Cu. As a result, the structure is suitable as material for heat 
exchangers and heat release material. 
2-1 Embodiment 

5 The advantages of the thin Al-Cu bonded structure and methods for making the 

same according to the present invention will be described using a specific embodiment. 

(1) Produce Al-Cu bond component 

For this embodiment, a commercially available industrial pure aluminum (A 1050) 
was used for the Al base material. The Ag used as the insert material is a pure silver foil 
10 (99.99% purity), which is clad to oxygen-free copper (CI 020) and is commercially 
available as an Ag-clad Cu plate (Ag thickness: 100 microns, Cu thickness: 3 mm). 

First, in order to form an insert layer on the surface of the Cu base material, a mirror 
finish is applied to the surface of the Cu base material, an Ag foil with a thickness of 100 
microns is mounted so that it is in contact with the surface of the Cu base material, and 
15 solid-phase diffusion is performed. The diffusion conditions are: diffusion temperature 
1038 K (765 deg C), diffusion time 5 hr, and contact load 2.54 Mpa. The diffusion bond is 
performed in a vacuum of 5 x 10 A -3 Torr and hydraulic pressure is used to apply pressure. 

The brazing sheet is a commercial available Al-10Si-1.5Mg-0.1Bi-based alloy foil 
(4104-compatible, solidus temperature: 832 K (559 deg C), liquidus temperature: 864 K 
20 (591 deg C), thickness: 100 microns), and is used to braze the insert layer and the Al base 
material (Al thickness: 3 mm). 

In performing the bond, the bond interface is thoroughly degreased with acetone, a 
spring is used to apply 94 Mpa, and furnace brazing is performed at a temperature of 550 
deg C (823 K) for 10 minutes. The Al-Cu bonded component after brazing has a thickness 
25 of 6 mm, with Cu thickness being roughly 3 mm and the Al thickness being roughly 3 mm. 

(2) Rolling and the structure of the bonded section 

Using the resulting Al-Cu bonded component as the starting material, hot rolling is 
performed multiple times to produce a thin Al-Cu bonded structure having a final thickness 
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of 0.8 mm. The temperature for hot rolling is set to 400 deg C, with a reduction of 20% for 

each rolling operation. 

The specific rolling schedule is as follows: 6 mm total thickness -> 4.8 mm (Rd: 

20%) -> 3.84 mm (Rd: 20%) -> 3.07 mm (Rd: 20%) -> 2.46 mm (Rd: 20%) -> 1.97 mm 
5 (Rd: 20%) -> 1 .58 mm (Rd: 20%) -> 1 .26 mm (Rd: 20%) -> 1 .0 mm (Rd: 21%) -> 0.8 mm 

(Rd: 20%). After a total reduction rate for the hot rolling of 87% and a final thickness of 0.8 

mm, annealing is performed at 400 deg C x 30 minutes. 

Fig. 7 shows the results of an SEM observation of the structure of the bonded 

interlayer after the component has been hot-rolled to a thickness of 0.8 mm. As the figure 
10 shows, the bonded interlayer contains, starting from the right in the figure, a Cu base 

material, an Ag layer, an Ag-Al reaction region, and an Al base material. The Ag layer had 

a thickness of 100 microns before processing, but the layer left after bonding has a 

thickness of 5 - 8 microns. Also, the wall-thickness of the Cu base material and the Al base 

material was uniformly reduced according to the reduction rate. 
15 The reaction region has a complex structure, but as the schematic illustration in Fig. 

2 shows, the initial component contains Region I through Region III in the Al-Cu bonded 

component. After the component has been finished to a thickness of 0.8 mm, the reaction 

regions of the Al base material, the Ag layer, and the bonded interlayer did not show any 

defects of the like. 

20 Furthermore, when hot rolling as described above was performed multiple times to 

reduce wall-thickness to a final thickness of 0.1 mm, it was found that the thin Al-Cu 
bonded structure of the present invention could be formed with no defects or the like in the 
Cu base material, the Al base material, the Ag layer, and the Ag-Al reaction region. 

25 2-2 Advantages of the invention 

With the method for making the thin Al-Cu bonded structure of the present 
invention, a component with an Al-Cu dissimilar joint having superior workability can be 
formed. By performing rolling to reduce wall-thickness, a thin Al-Cu bonded structure 
having superior dimensional accuracy and the ability to accommodate a diversity of 
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dimensions can be made. This thin Al-Cu bonded structure combines the light weight of Al 
and the heat transfer, heat diffusion, and corrosion resistance of Cu. The structure can meet 
the needs of compact, thin, light-weight electronic devices. 

With the Al-Cu bonded structure of the present invention, an Ag layer can be left in 
the Al-Cu bonded interlayer. This provides ductile deformation behavior, with the tensile 
strength of the bonded interlayer being similar to that of the Al base material, resulting in 
superior bonding characteristics. Thus, the structure can be used as an Al-Cu dissimilar 
material bonded structure in a wide variety of applications. 

Furthermore, the component containing an Al-Cu dissimilar joint has superior 
workability so that a thin Al-Cu bonded structure is provided with superior dimensional 
precision and flexibility to diverse dimensional demands. 

The resulting thin Al-Cu bonded structure combines the light weight of Al with the 
heat transfer, heat dissipation, and corrosion resistance properties of Cu. This allows it to 
meet the demands of compactness, thinness, light weight, and high performance for 
electronics devices and allows it to be used in a wide variety of applications as material for 
heat exchangers and heat transfer devices. 

Having described the preferred embodiments of the invention with reference to the 
accompanying drawings, it is to be understood that the invention is not limited to those 
precise embodiments, and that various changes and modifications may be effected therein 
by one skilled in the art without departing from the scope or spirit of the invention as 
defined in the appended claims. 
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